Co3O4 (Cobalt Oxide) nanoparticles (NPs) were synthesized via sol-gel method by taking cobalt acetate (Co(OAC)) as a precursor material at four different concentrations like 0.06, 0.07, 0.08,and 0.09 M. The obtained Co3O4 was used as the photocatalyst for the degradation of methylene blue dye. The phase pure cubic spinel cobalt oxide formation was confirmed by powder X-ray diffraction (PXRD). The surface morphology and elemental analysis were studied by FESEM and EDAX. The SEM image showed that the particle size ranged from 200 nm to 1µm with respect to the concentration of the cobalt acetate precursor. Surface defects, vibrational and rotational modes of Co3O4 was determined by Raman studies. The functional groups of the cubic spinel Co3O4 were determined by the Fourier Transform Infrared Spectroscopic (FTIR) analysis. The optical behavior of the prepared material was investigated by UV-Vis and PL spectroscopic studies. The band gap of Co3O4 varied as1.29 eV and 3.34 eV for Co3O4-006, 1.39 eV and 3.53 eV for Co3O4-007, 1.59 eV and 3.58 eV for Co3O4-008 and 1.63 eV and 3.65 eV for Co3O4-009 is due to the quantum confinement effect. The Co3O4-006 showed 93.8% degradation of methylene blue dye under visible light irradiation.
INTRODUCTION
In the last few decades the rapid development of textile, leather, paper, food and cosmetics industries have produced a large number of active dyes [1, 2] . These dyes are non-biodegradable, highly toxic in water and act as a serious threat to the ecosystem [3] .Therefore, many efforts have been taken by the researchers for the removal of organic pollutants before it enters into the living environment through various methods such as biodegradation [4] , chemical degradation [5] and physical degradation [6] . Among them, photocatalytic degradation has attracted much attention because of the advantages like low cost, easily controlled operation, non-selective oxidation, and so on. Various semiconductor photocatalyst like TiO2, WO3, Ta2O5, ZnS and CdS etc., were used as a potential candidate for photocatalytic degradation of organic textile dyes in effluent treatments [2] . Cobalt oxide (Co3O4) nanoparticle, a p-type semiconductor has drawn increased attention in recent years for the photodegradation of dye pollutants due to its high surface-to-volume ratio, low cost, environment-friendly, easy preparation, excellent chemical and physical stability [3] . Also, Co3O4 nanomaterial possesses outstanding optical, electrical and magnetic [7] properties that was used for various applications like gas sensors [8] [9] [10] , supercapacitors [11] , lithium ion batteries [12] [13] [14] [15] , CO oxidation at low temperature [16] [17] [18] and energy storage [19, 20] devices.
The behavior of the nanoparticle depends on the structural morphology, surface area, porosity and so on. The nanoparticle can be prepared by various techniques like sol gel, hydrothermal, flame pyrolysis and chemical reduction. The structural morphology varies with respect to the methodology adopted. Zhao et al. 2013 has developed nanowire, nanorod and spherical shaped Co3O4 nanostructures using hydrothermal method for degradation of methyl orange dye under UV light irradiation. The prepared spherical shaped Co3O4 nanostructures showed good photocatalytic activity than the nanowire and nanorod Co3O4 nanostructures with 81% degradation efficiency [21] . Warang et al. 2012 has reported Co3O4 nanoparticles prepared by pulsed laser deposition method and so grown photocatalyst acted as a potential photocatalyst in methylene blue dye degradation under UV light radiation [22] . Chen et al. 2009 developed Co3O4 hollow microspheres through two-step process for methyl orange dye degradation under UV light irradiation [23] .
The present study is focused to develop Co3O4 nanoparticles through polymer-assisted sol-gel technique as it is considered to be the most efficient affordable method in producing controlled nanostructure materials. Polymer such as polyamide, polyimide, polyvinyl alcohol, collagen, polystyrene, chitosan, polypropylene, polycaprolactone and elastin based materials were recently used in the preparation of nanomaterials. Polyvinylpyrrolidone was used in the present study (PVP) because it influences in surface functionalization and size variations [24] [25] [26] [27] [28] [29] . The main objective of the present investigation is to monitor the influence of the different concentrations of cobalt acetate precursor on structural morphology and influence of cobalt oxide as photocatalyst on the degradation of methylene blue dye. The prepared cobalt oxide nanomaterial was characterized to assess its structural morphology, optical property and photodegradation efficiency.
EXPERIMENTAL

Materials required
Cobalt acetate, Polyvinylpyrrolidone (PVP), and Triethanol amine were used as precursor. Methylene blue (Merck, India) dye was used as the model pollutant.
Preparation of cobalt oxide nanoparticles
The procedure of the preparation of cobalt oxide (Co3O4) material as follows. About 2.5 gm of Polyvinylpyrrolidone (PVP) was mixed with 5 mL of distilled water to form a homogeneous solution and kept aside. Subsequently, 0.06 M of cobalt acetate was mixed with 10 mL of deionized water and vigorously stirred for half an hour. The homogeneous PVP solution was added dropwise into cobalt acetate solution to form a pink colored mixture. Triethanol amine of 3 mL was slowly dropped to the mixture, and kept on stirring another 30 minutes until a homogeneous transparent solution was obtained. The obtained solution was heated to 300 °C for 2 hours and the resultant powder was annealed at 450 °C for 3 hours. The analogous preparation was carried out by varying the concentration of cobalt acetate (Co(OAC) as 0.07 M, 0.08 M and 0.09 M. The cobalt oxide prepared from 0.06 M, 0.07 M, 0.08 M and 0.09 M of cobalt acetate was abbreviated as (Co3O4-006), (Co3O4-007), (Co3O4-008) and (Co3O4-009), respectively. After annealing, the sample was cooled, ground and characterized for XRD, FT-IR, RAMAN, FESEM, EDAX, TEM, UV-Vis spectroscopy, PL, and photocatalytic degradation activity. The cobalt oxide material was characterized by X-Ray Diffraction technique using Rigaku -XRD, Ultima-IV X-Ray diffraction (1.5432 Å) for phase identification and structural confirmation. The functional group of the materials was recorded by Alpha ECO ATR (Bruker) at the spectral range of 4000 to 500 cm −1 . To analyze the molecular vibrations and crystal structures Raman Analyzer -EZ Raman C1S, Make: TSI, Laser Wavelength:532 nm was used. The structural morphology was analyzed from FESEM∑ Version -Carl Zeiss, Germany, 5.07 Beta and the elemental compositions were studied by using EDAX.HRTEM (FeiTecnai G220 Twin-200 KV) analysis. Ultraviolet-visible (UV-vis) spectroscopic analysis was carried out by Optizen -3220 UV, MECASYS. The photoluminescence was measured using Cary Eclipse -G9800AA. The photocatalytic work was carried out using Pyrex reactor with 400 W mercury lamp and the concentration of the dye was carried out by Optizen -3220 UV, MECASYS.
Photocatalytic degradation study
The performance of Co3O4photocatalyst on degradation of methylene blue dye was carried out with Pyrex reactor. About 0.1 gm of prepared Co3O4photocatalyst was added with 50 mL of 10 ppm aqueous methylene blue dye solution. The dye and the photocatalyst was exposed to 400 W Philips, mercury lamp under stirring. The reaction was under dark condition to achieve the adsorptiondesorption equilibrium for about 30 minutes. After 30 minutes the reaction mixture was exposed to visible light irradiation. The samples were collected to monitor the extent of degradation at regular time interval (15 min), centrifuged and analyzed using UV-Visible spectrophotometer at wavelength (λmax) 664 nm. The percentage of dye degraded has been calculated using equation (1) .
where Co is the initial concentration of the dye solution and Ct is the final concentration of the dye solution at time t. Photocatalytic kinetics was carried out using Langmuir-Hinshelwood (L-H) kinetic model using equation (2);
Where kapp is the apparent reaction rate constant of pseudo first order reaction and t is the time required for reaction. [28] . The average crystallite size was calculated using Debye-Scherrer's equation (3) 0.9 D= cos   
RESULT AND DISCUSSION
X-ray diffraction (XRD) studies
where λ is the wavelength of Cu-kα radiation, β is the full width half-maximum (FWHM) in radians, and θ is the angle of diffraction (in radians). The average crystallite size of Co3O4-006, Co3O4-007, Co3O4-008 and Co3O4-009 was found to be 26 The calculated dislocation density of the prepared material linearly decreased. This may be due to the presence of surface charge properties [31] . The strain induced in nanoparticles was estimated from Williamson-Hall (W-H) method (5) 
According to Hooke's law, stress (σ = Cε) can be calculated from the obtained strain. Where, C=1.46 ± 10 10 N/m 2 is the bulk Young's modulus [30] . The calculated strain (ε) and stress (σ) of Co3O4-006, Co3O4-007, Co3O4-008 and Co3O4-009 were found to be 0.3563, 0.3694, 0.3752, 0.3694 and 520, 539, 547, 580 MPa respectively. Figure 2 shows the high intensity (311) peak of Co3O4 nanoparticles. The peak of Co3O4-006 showed a peak shift towards lower angle side compared to Co3O4-007, Co3O4-008 and Co3O4-009 nanoparticles which may be due to the structural crystal defects that occur due to the change in the cobalt acetate concentration. Figure 3 . represents the FTIR spectra of CO3O4 nanoparticles prepared from different Co(OAC) concentrations. The two peaks observed at574 cm -1 and 666 cm -1 were attributed to the fingerprint stretching vibrations of (M-O) bonds of Co-O in Co3O4, which were in good agreement with the previously reported value [28] . The band at 574 cm -1 corresponded to Co-O vibrations in octahedral sites of BOB3 type, "B"
Fourier Transform Infrared Spectroscopy (FTIR) studies
represents CO 3+ ions in the octahedral site and the band at 666 cm -1 corresponded to ABO3 type, "A"
represented the metal ions in the tetrahedral positions confirming the formation of spinel Co3O4 in pure phase [32] . The presence of some noises in the peaks may be due to the presence of polyvinyl pyrrolidone that was not completely combusted. The peak at 2325 cm -1 isascribedto the presence of CO2 in the air medium [33] . A peak at 1588 cm -1 corresponded to the H-O-H bending vibration of the water molecules (or) alcohol present along with the prepared material [33, 34] .
Raman spectroscopy studies
The Raman spectra of Co3O4-006, Co3O4-007, Co3O4-008 and Co3O4-009 are shown in the Figure 4 . All the observed bands for Co3O4 were predicted by group theory for F3dm space group. The bands at 131 cm −1 , 502 cm −1 and 619 cm −1 were assigned to 3F2g mode and702 cm −1 band at A1g mode attributed to the octahedral and tetrahedral site in Co3O4 [3, 35] . The band at 469 cm −1 that
wasoriginating from Eg mode, may be due to the surface defects created because of the surface oxidation of Co in Co3O4 [3] . Figure 5 . shows the different magnifications FE-SEM images of Co3O4-006, Co3O4-007, Co3O4-008 and Co3O4-009 nanoparticles. The morphology of the particles varied with varying concentration of cobalt acetate precursor. Nanospheres were observed with Co3O4-006 and Co3O4-007 ( Fig. 5(a-f) ). The size of the particle ranged from 50 to 100 nm. When the concentration increased to 0.08M the particle size of Co3O4-008 increased from nano to micro. The nanosphere particles agglomerate and bound together to form microspheres of size 1 µm. The increase in the size of the particle from nanometer to micrometer with respect to the change in the concentration of the Co(OAC) precursor clearly illustrates that the precursor quantity influences on the surface morphology of the formed product. The elemental composition of Co3O4 nanoparticles were clearly depicted in the Figure 7 (a-d). The particle size of around 50 nm coincides with the particle size observed from SEM analysis. The SAED pattern of HRTEM image showed the polymorphic rings which proved the high crystallinity of the sample as evidenced from XRD analysis. 
Surface morphological studies
UV-Vis absorption studies
The optical property of the prepared Co3O4 nanoparticles were carried out by UV-Vis spectra and is presented in Figure 8 . The optical properties of the synthesized materials deliver the impurity levels, energy band structure, localized defects, excitons, lattice vibrations and certain magnetic excitations [17] . The two broad absorbance peaks were observed between 500-600 nm and 800-850 nm respectively for all the Co3O4 nanoparticles, were in good agreement with the previous reports [28] . The direct energy band gap (Eg) of the synthesized samples was determined by using Tauc's relation (6) .
(αhυ) n = A*(hυ-Eg) (6) Where, α is the absorption coefficient, hυ is the photon energy and Eg is the band gap of the synthesized material, n-denotes the electronic transition (or) optical transition values 1/2, 2, 3/2 or 3 [28, 30] . If n=1/2, the transition is then the direct allowed transition, n=3/2 direct forbidden transition, n= 2 indirect allowed transition and if n=3 indirect forbidden transition. From the plots of (αhυ) 2 vs (hυ), direct band gap was found to be 1. In addition, the quantum confinement effect may also be one of the reasons for linear increase in band gap energy [36] . Two different oxidation states persist in the cobalt (Co 3+ and Co 2+ ) ion which may bethe reason for the existence of two absorption peaks in the UV-Vis spectroscopy. The charge transfer processes from O 2-to Co 2+ and O 2-to Co 3+ leads to the higher band gap and lower band gap energy respectively which was responsible for the existence of absorption bands. Figure 10 . Photoluminescence spectra of cobalt oxide nanoparticlesprepared at 450ºC by sol-gel method (a). Co3O4-006, (b). Co3O4-007, (c). Co3O4-008 and (d). Co3O4-009 Figure 10 corresponds to the PL spectra of Co3O4 nanoparticles prepared from four different concentrations. The Near Band Edge emission (NBE) (or) blue emission of the Co3O4 nanoparticles exhibited peaks at 323 nm, 321 nm, 320 nm and 319 nm and the peaks were observed at (410, 432), (407, 430), (408, 430), (406, 427) nm for Co3O4-006, Co3O4-007, Co3O4-008 and Co3O4-009 nanoparticles, respectively. The two bands observed near 400 nm for all the concentrations may be due to the oxygen vacancy created within the nanocrystalline particle that stabilized the cubic spinel structure of the Co3O4 nanoparticles. The change in the absorption and the emission properties and the moderate variation in the band gap of the nanoparticles may be due to presence of the impurities that induce the several occupied localized states leading to change in absorption and emission properties [37] .
Photoluminescence (PL) spectral analysis
Photocatalytic activity of Co3O4 nanoparticles
The photocatalytic activity of Co3O4 nanoparticles were studied towards the degradation of methylene blue dye under visible light irradiation and presented in Figure 11 . The decrease in the concentration of methylene blue dye after its reaction with the Co3O4photocatalyst under visible light was calculated by measuring the absorbance at regular time intervals. Observation revealed that there was a gradual reduction in the absorbance with increase in irradiation time. About 93.8% of methylene blue dye was degraded within 90 minutes with Co3O4-006 nanoparticles whereas for Co3O4-007, Co3O4-008 and Co3O4-009 nanoparticles the degradation of methylene blue were around 95, 98 and 97% (Fig. 12b) at 120, 150 and 180 minutes respectively. The methylene blue dye degradation ability when treated with the other metal oxide photocatalyst is shown in Table. 1.The time taken for the degradation of methylene blue dye when treated with the other metal oxide photocatalyst is shown in table.1. When metal oxide like TiO2 is used as the photocatalytic material for the degradation of methylene blue dye the degradation efficiency was just 48.2 % at 100 minutes whereas the same TiO2 when used along with graphene oxide or silver the efficiency increased to 79.8% at 360 minutes (Table.1 ). When metal chalcogenides like MoS2-FeZnO is used as a photocatalyst 95% degradation takes place at 140 minutes but compared to other photocatalyst Co3O4 pristine material is degrading 93% of the methylene blue dye within 90 minutes (Table.1 ). The table illustrates that the when the percentage of the degradation is high the time taken for the degradation is also comparatively high with other photocatalytic material, but with Co3O4 the degradation efficiency is very high at a short duration of 90 minutes. 
Photocatalytic kinetics
The kinetics of the methylene blue degradation using Co3O4photocatalysts were calculated under optimized parameter conditions: photocatalyst dose: 0.1 g, methylene blue concentration: 10 mg/L. A graph of ln(Ct/Co) against time (min) was drawn and is presented in Figure 13 . The rate of the order of the reaction is inferred from the kinetic study. The graph illustrates a straight line with a positive slope and the rate constant of 0. While irradiation, electrons and holes are separated in the valence band and the electrons are excited to the conduction band [47, 48] . Ozone and H2O2 acts as the sacrificial oxygen donors in the degradation process of photo-fentonsreaction [49] [50] [51] [52] . In the present study air acted as the potential oxidizing agent to perform photodegradation process instead of the conventional sacrificial oxygen donors.
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The Co3O4 nanoparticles on irradiation with hυ formed the active species such as super hydroxy and superoxy radical (eqn. 8 & 9) which were responsible for effective photodegradation of organic dye that reacted vigorously in the degradation process. On illumination of photons the methylene blue dye created reactive species (eqn 11 to 13) inserted electron back into the lattice plane of Co3O4 which helped in the formation of superoxy radical in the presence of available oxygen in the system that further enhancedthe photodegradationprocess [46] .
CONCLUSION
Spinel cubic structured Co3O4 nanoparticles were prepared from cobalt acetate precursor using polymer assisted sol-gel method. The XRD patterns confirmed the presence of octahedral and tetrahedral sites of Co3O4 with crystallite size of 26 and 180 minutes respectively. The change in the quantity of the cobalt acetate precursor influenced the surface morphology and particle size. The particle size increased from nanodimensions to microdimensions with change in concentration whereas the dye degradation took place in all the cobalt oxide particles irrespective to the precursor concentration but the time taken for the degradation was influenced by the precursor concentration. The degradation was fast with Co3O4-006 nanoparticles than the other concentrations.
